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Abstract 
The study of brine-rock interactions was carried out with the purpose of determining parameters for geomigration 
models used to predict groundwater contamination in mine areas. Comprehensive tests of clay fraction mineralogical 
composition, microstructure, salinity, exchange capacity and exchanged cation contents of rocks, as well as updating 
of experimental laboratory techniques for brine–rock interactions in static and dynamic conditions were carried out. 
Data obtained from experimental laboratory tests permitted us to determine the specificities of cation exchange in the 
system brine-rock, to define the kinds of exchange “two-stage” isotherms, to estimate the cation exchange 
parameters, and to establish the possibility of brine chemical composition change when filtering through the rocks.  
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1. Introduction 
The study of brine-rock interactions was carried out with the purpose of determining parameters for 
geomigration models used to predict groundwater contamination in the mine area, located in 
Bereznikovsko-Solikamskii industrial region in the Verkhnekamsky deposit of potassium salts (Figure 
1a). Hydrogeologic conditions of the study area are represented by the aquifers in the Permian rocks in: a) 
the terrigenous – carbonate layer (P2u(sl2)), of which water-bearing thickness is about 100 m, and b) the 
overlying lithified sandy-argillaceous rocks – “speckled” layer (P2u(šš)), of which water-bearing 
thickness is about 30 m (Figure 1b). Considerable changes of the natural hydrogeochemical conditions 
were fixed in the territory of the mine area. Groundwater contamination was caused mainly by the 
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leakages of brines from the slurry storage where salt-clayey pulp with salinity in liquid phase to up 250-
300 g/L was stored. Brines flowed basically in terrigenous – carbonate rocks, containing in natural 
conditions hydrocarbonate calcium groundwater with salinity equal to 0.2-0.3 g/L. Beyond this zone, a 
sharp change in all constituents concentrations was recognized in the flow direction. Some of 
contaminates migrate in aquifer in sandy-argillaceous speckled layer with smaller velocity and intensity.  
 
    
Fig. 1. (a) The scheme of the of the study area, ; (b) geological and hydrological section of the study area [1], 1 - 
loam, 2 -argillite, siltstone, sandstone; 3- limestone, sandstone; 4 – marl with salt interlayer; 5 – groundwater level 
The previous investigations [1, 2] showed that when technogenic brines mix with natural groundwater 
the main physico-chemical process is sodium and potassium exchange of brines with calcium and 
magnesium of water- bearing rocks on the cation sorbing complex. It should be noted that dissolution and 
leaching of carbonate rocks have the subordinate significance. The earlier research was focused on the 
physical and chemical processes in the terrigenous – carbonate layer. It is also necessary to study these 
processes in “speckled” layer, i.e. in all the way of filtration from the slurry storage. In addition, it was 
important to solve a whole number of methodological problems for assessment of groundwater–rock 
interaction parameters in terrigenous–carbonate and “speckled” layers. 
2. Materials and methods 
The research included two phases. In the first phase, the investigation dedicated on mineral composition, 
absorption capacity of rocks and the exchange cations contents was carried out in order to validate the 
pre-evaluated groundwater composition of the formation in the study area. In the second phase the 
laboratory techniques used for ion exchange investigations were corrected on the basis of the results 
obtained from the first phase. The rocks microstructure was studied by using scanning electron 
microscopy (SEM) and mineralogical composition was determined by X-ray diffraction analysis. The 
absorption capacity and exchange cations contents were defined using the technique of Pfeffer [3]. When 
defining the ion exchange parameters in static conditions, the sample of rock (fraction <1 mm) was 
dispersed in NaCl or KCl solutions at different ionic strength (0.01, 0.1, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0 N) 
with a solid/solution ratio of 1:5. Concentrations of HCO3-, SO42-, Cl-, Ca2+, Mg2+ were analyzed in the 
filtered solutions. In contrast to previous testing the concentration of К+ was analyzed in NaCl solutions 
and concentration of Na+ - in KCl solutions. When processing of experimental data two different variants 
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were used. In variant 1 (previous method) it was assumed that the adsorbed sodium (or potassium) 
quantity issue from each test solution is equivalent to the concentration of Ca2++Mg2+ at equilibrium. In 
variant 2 (modified method) it was assumed that the adsorbed sodium quantity removed from the NaCl 
solution was equivalent to content of Ca2++Mg2++K+ at equilibrium. In KCl solution, the quantity of 
potassium adsorbed from each test solution was assumed equivalent to Ca2++Mg2++Na+ content. This 
method is related to sorbed sodium and potassium, recorded in excess than expected. In addition the 
corrections due dissolution of carbonates and sulphates of calcium and magnesium were introduced. 
These tests were carried out with the samples selected from “speckled” and terrigenous–carbonate layers. 
The experiences in dynamic conditions (filtration through column filled with rock) were carried out with 
the rock sample from “speckled” layer and Cl-Na-K solution from sludge storage. 
 
3.  Results and discussion 
Block structure of rock samples were characterized basically by breaking micro-joint of block to 
obtain micro-blocks. It was found out, that gradual colmatation of the external blocks surface by fine-
dispersed and amorphous material was caused to their "sealing" and reduction of buffer properties. 
Therefore the influence of filtered brines extended more deeply. Clay fraction composition of rocks was 
presented by mixed-layered formations: montmorillonite-illite and montmorillonite-chlorite. Non-clay 
minerals were expressed by quartz, calcite, and feldspar. With increasing of the depth the contents of 
illite, chlorite and quartz increased and montmorillonite, calcite decreased. 
Rocks of “speckled” layer were characterized by the values of maximum sorption capacity (Qmax), 
ranging from 130 to 400 meq/kg of rock. In general, the exchange complex of “speckled” layer preserved 
the cation ratio similar to natural conditions: Ca2+> Mg2+> Na+> K+. However in the wells closest to the 
sludge storage the increased contents of exchangeable sodium and potassium and the decreased contents 
of exchangeable calcium and magnesium were recorded. Terrigenous–carbonate layer were characterized 
by value of Qmax from 95 to 330 meq/kg and wide variety of exchangeable cations ratios. The most 
significant changes were revealed in the wells closest to the sludge storage Na+> K+>Ca2+>Mg2+, that 
showed a high degree of technogenic chemical changes on the sorbing complex. Lower values of sorption 
capacity as compared with “speckled” layer were caused, firstly, by decrease of rock clayiness with the 
depth, and, secondly, with the decrease of montmorillonite content, characterized by the high exchange 
capacity, and also by increasing hydromicas and chlorite.  
The following conclusions can be drawn from the experimental laboratory study of ion exchange. Data 
obtained from the experiments performed with NaCl solutions (variants 1 and 2) and KCl solutions 
(variant 1) was satisfactorily approximated by the Langmuir isotherm, and the ion-exchange isotherm in 
the experiments with KCl (variant 2) was characterized by a "two-step" curve (Fig. 2), which was caused 
by sodium sorption at two different exchange sites. The comparison of different methodological 
approaches showed the differences, especially important in experiments with KCl solution (variant 2). 
The maximum difference for Qmax was 60 %. This confirms the importance of displacement from the 
exchange complex not only calcium and magnesium, but sodium also. For both variants of processing 
with sodium as ion – displacer, the difference in the definition of Qmax is less than 5% due to a lower 
content of potassium in the exchange complex. 
When estimating the parameters of Langmuir isotherm with the help of modified approach, the value 
of Qmax decreased in a vertical section: in the “speckled” layer - 191-456 meq /kg; in the terrigenous-
carbonate layer - 129-210 meq /kg. It can be explained by the decrease of rock clayiness with the depth 
increase. This clay content decrease is associated with the hydromicaceous and chlorites packages 
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increase in the rocks to the detriment of the montmorillonite packages, showing a higher capacity of 

















Fig.2. Ion exchange isotherms of sodium (potassium) on the rocks : left) “speckled” layer (well 3 depth 34 m), right) 
terrigenous-carbonate layer (well 3 depth 82 m). Legend: ● - experiments with solution of NaCl (variant 2), x - 
experiments with solution of KCl (variant 1), ▲ - experiments with solution of KCl (variant 2). 
When carrying out the experiments in the dynamic conditions the considerable chemical composition 
change of the brines was observed caused by combination of the processes occurring at various stages of 
experience: concentration of the brine in a stage of slow saturation of the rock sample, cationic exchange 
of calcium and magnesium in the sorbing complex of rocks to sodium and potassium of the brine, 
sedimentation of calcium sulfate of and sodium chloride from filtrates. The value of Qmax (369 meq/kg) 
was less to a little degree than the values received in the static conditions. The results of experimental 
researches showed the possibility of considerable perturbation in the rock structure and chemical retention 
properties due to the technogenic brines when filtering through the rocks.  
4. Conclusions 
The researches performed on rock and water transformation due to industrial impact have revealed the 
character of brine - rock interactions in the area and in the vertical section and have circumscribed the 
zone of brine influence on the rocks of “speckled” and terrigenous – carbonate layers. The researches also 
allowed to modify the technique of ion exchange parameters assessment and to evaluated these 
parameters required for forecasting of groundwater quality.  
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